Objective-To examine temporal trends and predictors of linkage to HIV care, longitudinal retention in care and viral suppression among injection drug users (IDUs) infected with HIV.
Introduction
Regular attendance at HIV-oriented clinical care appointments facilitates optimal delivery of ART and improves clinical outcomes for patients infected with HIV. Engagement in care, a concept embodying linkage to care after diagnosis and retention in care after care is established, has been associated with increased odds of achieving virologic suppression [1, 2] and improved survival [3, 4] for persons living with HIV/AIDS. Data from clinical cohorts have shown poor engagement in care to be associated with development of antiretroviral drug resistance [5] and progression to AIDS [2] . Engagement in care indirectly benefits public health through lowering individuals' HIV viral load and, by extension, community viral load, which often accompanies measurable reductions in HIV incidence [6] [7] [8] .
Prior research has shown that injection drug users (IDUs) have lower levels of engagement in HIV care than other risk groups. IDUs are less likely to establish care after receiving an HIV diagnosis [9] [10] [11] and are more likely to miss scheduled appointments [12] and become lost to follow-up [13] [14] [15] . These disparities in engagement in care likely lead to inferior clinical and virologic outcomes [16] . In large, multiclinic cohort studies, patients identified as IDUs have substantially lower odds of achieving sustained virologic suppression in response to ART [17] , a disparity possibly mediated through differences in retention in care and ART initiation [18] .
In the United States, IDUs represent a socially marginalized group with substantial disparities in healthcare access and outcomes. Suboptimal HIV care among IDUs is likely multifactorial, influenced by relative socioeconomic disadvantage, unhealthy behaviors driven by addiction, and structural factors such as stigma and criminalization [19] . A better understanding of the role these factors play in the propagation of health disparities is needed. Toward this end, the goals of this study were to characterize the degree of engagement in care among a community-based cohort of HIV-infected IDUs. Specifically, we sought to determine the proportion of HIV-infected IDUs who were linked to a source of HIV care, retained in care, achieved suppression of HIV RNA below the limit of detection while receiving ART, and maintained durable virologic suppression. Using prospectively collected clinical and behavioral data, we identified independent predictors of failure to achieve important benchmarks related to HIV care.
Methods

Study design and population
The AIDS Linked to the Intravenous Experience (ALIVE) study is a community-based, longitudinal cohort study that has followed IDUs in Baltimore since 1988. Study methods for recruitment and data collection have been described previously [20] . Since 1996, when effective combination ART became available, ALIVE has followed 1067 IDUs who were either HIV seropositive at the time of enrollment (n = 790) or seroconverted during followup (n = 277). Participants are predominantly low-income, African-American, inner-city residents, characteristics that are representative of the population of individuals who inject drugs in Baltimore and similar cities in the Northeastern and Mid-Atlantic United States [21] . At baseline and semiannual follow-up interviews, participants provided information about sociodemographic characteristics, drug injecting and other HIV risk behaviors, and general medical history. Since 1998, researchers collected self-report of receipt of HIV-oriented outpatient clinical care and utilization of antiretroviral medications. The institutional review board at the Johns Hopkins Bloomberg School of Public Health reviewed and approved the study procedures, and all participants provided written informed consent.
Participants were included in the present analysis if they attended two or more ALIVE study visits between January 1998 and December 2011. Data from study visits prior to seroconversion were dropped for participants who were uninfected at the time of enrollment. We excluded 115 participants who had onlyone study visit and 20 others because they had missing outpatient HIV care data. Compared with those included in the study sample, the IDUs excluded from the analysis were similar with respect to age, sex, race, frequency of drug injecting, and insurance status. Those excluded had a significantly lower median baseline CD4 cell count (222 vs. 319 cells/ l, P < 0.001), were less likely to report crack cocaine use in the 6 months prior to the study (22.8 vs. 32 .1%, P = 0.004), and had a smaller median number of total study visits (2 vs. 11, P < 0.001).
Drug use-related variables were assessed by self-report of specific behaviors in the 6 months preceding each study visit, and included alcohol use, crack cocaine use, and injection of heroin and/or cocaine. Recent incarceration was captured by self-report of any jail or prison stay lasting longer than 7 days within the previous 6 months. We assessed access to healthcare using three interview items: having any type of health insurance; having a regular source of primary care; and seeing the same provider more than 90% of the time they receive medical care (provider constancy).
Statistical analysis
To assess temporal trends in engagement in care across the entire cohort, we calculated the proportion of participants reporting HIV care visits in each calendar year. Using a linear trend time-series model with a first-order auto-regressive covariance [22] , we determined whether there were significant improvements from 1998 to 2011 in the annual proportion of the cohort that was fully engaged in care (in care all at both ALIVE visits during the year),was partially engaged in care (in care at 1 of 2 study visits) and achieved an undetectable HIV RNA level.
Longitudinal engagement in care was characterized for individual patients by summarizing their HIV care visit attendance over the entire duration of their participation in ALIVE. Those not reporting HIV care at any study visits were considered not linked to care. Participants who were linked to care but reported at least one lapse in care (defined as a 6-month interval when no HIV care was reported) were considered partially retained in care. We considered participants to be fully retained in care if they reported attending an HIV care visit at every semiannual assessment after the ALIVE visit when they first reported linkage to care. We used descriptive statistics to compare the baseline characteristics of IDUs in these three categories of engagement in care.
Among the subset ever linked to care, we evaluated whether IDUs initiated ART at any time during study follow-up. We categorized participants into three mutually exclusive groups: those never achieving viral suppression (defined as HIV RNA level ≤ 400 copies/ml), those who demonstrated viral suppression at some but not all study visits, and those demonstrating sustained viral suppression at every study visit after ART initiation. We then performed univariate comparisons of IDUs in these three categories with respect to baseline characteristics.
We next investigated time-varying factors associated with the two main negative outcomes, lapses in HIV care and virologic failure. The outcomes were assessed at every follow-up study visit and thus could be experienced multiple times during the study. A lapse in care was defined as reporting that no HIV care visits were attended in the prior 6 months after being in care at the previous study visit. Virologic failure was evaluated using the same framework: study visits at which a participant was noted to have viral suppression were analyzed to determine whether the viral load remained suppressed at the subsequent visit (success) or had increased above the limit of detection (failure). To identify significant predictors of the outcomes while accounting for intra-subject correlation resulting from repeated measures per participant, we used logistic regression models with generalized estimating equations (GEE) with robust variance estimates. An alpha level of 0.10 and 0.05 were used for model entry and retention, respectively. To account for the potential confounding effects of secular trends favoring improved engagement in care over time and differential loss to follow-up among higher-risk IDUs, we forced into the adjusted models variables for calendar year and total follow-up time, respectively.
Results
Description of study population
A total of 790 IDUs contributing 8076 study visits were included in the analysis. The median age at study enrollment was 43.4 years, the median duration of follow-up was 8.7 years, and the median time between study visits was 183 days. The sample was 33% women and 93.3% African-American. Most participants (83.8%) were unemployed at baseline, 20.4% were homeless and 27.8% had no private or government-sponsored health insurance. Over half of participants (61.5%) reported active IDU during the 6 months prior to the first ALIVE study visit; nearly one third (32.4%) reported injecting drugs daily over that period. The baseline characteristics of study participants are shown in Table 1 , stratified according to the level of retention in care over the study.
Temporal trends in HIV care outcomes
Analysis of year-to-year HIV care visit attendance and HIV viral load measurement for the entire cohort demonstrated significant improvement in the proportion of IDUs receiving care and achieving virologic suppression between 1998 and 2011 (Fig. 1) . Over the study period, the proportion of IDUs followed in ALIVE who reported being in care at every study visit during each calendar year increased from 42.8 to 71.4%. The proportion receiving at least some HIV care during a single year reached as high as 87% in 2011. Concomitant with improved engagement in care, overall rates of virologic suppression significantly improved over the 12-year study period. In 1998, only 15.7% of the HIV-infected ALIVE cohort had at least one HIV RNA measurement below 400 copies/ml. By 2008, the percentage achieving virologic suppression increased to 41.4%, and this number reached 60% during 2011.
Linkage to care
Over 90% of ALIVE participants attended at least one HIV care visit during the study period. Compared with those receiving at least some care, the 50 participants never linked to care were more likely to inject drugs daily and to drink alcohol. They were less likely to use a single primary care clinic for routine care, and were less likely to report seeing the same provider at 90% of clinic visits (low provider constancy). Those never linked to care had significantly shorter duration of ALIVE study participation in terms of the total number of study visits (median of 3 visits vs. 9 visits) and total months in the study (19 months vs. 60 months; P < 0.05 for all comparisons).
Retention in care
While the majority of IDUs participating in ALIVE were linked to HIV care, far fewer participants were consistently retained in care after initially establishing care. Of the 740 IDUs who attended at least one HIV care visit, 84 of these (11.3%) never returned for a second HIV clinic visit; 415 (56.1%) had multiple HIV care visits but at least one lapse in care greater than 6 months; only 241 (32.6%) attended an HIV care visit in every semester during their participation in the study and were considered fully retained in care. Participants were more likely to be fully retained in care if they were older at the time of their first HIV care visit, and if their first visit occurred in later years in the study. Those who reported at baseline having health insurance and provider constancy also had higher retention in care.
Use of antiretroviral therapy and viral suppression
Of 740 IDUs who were linked to care and therefore eligible to receive ART, 604 (81.6%) reported ARTuse at one or more study visits. Approximately one-third of these were in care and receiving ART at the time of enrollment and the remainder initiated ART a median of 24 months after their first ALIVE visit. Table 2 shows characteristics of study participants within the three categories of viral suppression. The 220 participants who never achieved viral suppression included 136 IDUs who never initiated ARTand 84 others who reported ARTuse but were never found to have a virologic response. The majority of ART initiators (457 of 604, 75.6%) had viral suppression at some but not all study visits after they first reported receiving ART. Only 63 (10.2%) went on to have viral suppression at every study visit after they initiated treatment (Fig. 2) . Participants who were older and who established HIV care during later years of the study had higher rates of viral suppression in univariate analyses. Individuals with low CD4 cell counts at the time of ART initiation were significantly less likely to achieve viral suppression. Recent incarceration, alcohol use and active drug use at the time of enrollment were associated with lower likelihood of achieving viral suppression. We detected a dose-response relationship between intensity of IDU and the likelihood of achieving virologic suppression: daily injectors were 13.7% less likely to achieve virologic suppression than occasional injectors, and 24.4% less likely than those not injecting at all at the time of ART initiation (data not shown). Having health insurance and provider constancy were positively associated with viral suppression.
Predictors of lapses in care and virologic failure
We developed multivariable logistic regression models in order to investigate risk factors associated with lapses in care and virologic failure this cohort (Table 3) . Analyzing the subset of person-visits at which participants were in care, we found that subsequent lapses in care (i.e., a gap of greater than 6 months without an HIV care visit) occurred in 19.1% of instances. After adjusting for age and calendar year, active IDU and recent incarceration were significantly associated with lapses in care, with adjusted odds ratios (aOR) of 1.25 (95% CI 1.06-1.49) and 1.49 (95% CI 1.09-2.03), respectively. All three measures of healthcare access were significantly associated with lower odds of lapses in care. Of these, the strongest predictor of avoiding laspes in care was having a regular source of primary care (aOR 0.29; 95% CI 0.17-0.49), followed by provider constancy (aOR 0.40; 95% CI 0.29-0.56) and having health insurance (aOR 0.68; 95% CI 0.52-0.90).
The 520 participants who received ART and achieved viral suppression at least once during follow-up contributed 2784 person-visits when the HIV RNA was below the limit of detection. Virologic failure was noted at 714 (25.6%) of the subsequent visits, which occurred a median of 182 days after the index visit. Predictors of virologic failure included any IDU, crack use, alcohol use, homelessness and recent incarceration ( Table 3 ). The odds of virologic failure were seven-fold higher when the CD4 cell count was below 200 cells/ l, compared with visits when the CD4 cell count exceeded 500 cells/ l (aOR 7.44; 95% CI 5.53-10.02). Of the three healthcare access measures, only provider constancy remained significantly associated with virologic failure in the adjusted model (aOR 0.55; 95% CI 0.39-0.77). Reporting no HIV care visit in the past 6 months was significantly associated with virologic failure (OR 1.35; 95% CI 1.10-1.66) in univariate analysis, but this association was not significant after adjustment for other factors in the model.
Discussion
In this prospective study of current and former IDUs, long-term retention without any lapses in HIV care was uncommon. Over a median follow-up period of 8.7 years, fewer than one in three HIV-infected IDUs attended an HIV care visit in every 6-month interval following the first clinic visit. Sustained viral suppression was achieved even less frequently: Only one in 10 participants who initiated ART were found to have plasma HIV RNA below the limit of detection at every post-ART visit.
Our data confirm previous studies suggesting that IDUs have a strong tendency to be transient or intermittent users of HIV care [11, 13, 23] . Two-thirds of IDUs in ALIVE linked to HIV care were not retained in care over the long term. Whereas national data indicate that the majority of HIV-infected persons linked to care are successfully retained in care [24] , lapses in care are the rule among IDUs in ALIVE, rather than the exception. This finding is consistent with prior observations that IDUs are slower to initiate ART [25] , more likely to discontinue ART [23] , and have less stability in their ART regimens over time [26] . This constellation of findings represents a general tendency toward sporadic healthcare utilization, and plausibly contributes to poorer responses to treatment [27, 28] and lower life expectancy [29] among IDUs infected with HIV.
The relatively low level of engagement in care among IDUs in this cohort contrasts with the more encouraging observation that the proportion of participants who achieved viral suppression has improved significantly between 1998 and 2011 (Fig. 1) . In 2010, the percentage of IDUs in ALIVE achieving viral suppression was 53.9%, a rate approximately three times greater than the estimate for the same cohort in 2001. Despite this improvement however, virologic suppression in ALIVE appears to remain significantly lower than the estimates of 72-77% derived for patients receiving HIV care using nationally representative data during the same year [17, 30] . It is also considerably lower than the 87% of patients found to have virologic suppression in 2010 while receiving care at the Johns Hopkins HIV Clinic, which is the largest provider of HIV care for IDUs in Baltimore [31] .
Through our analyses of predictors of lapses in care and virologic failure, we identified several modifiable risk factors for suboptimal HIV treatment outcomes. IDUs without health insurance had poorer engagement in care across every category studied. Whether insurance directly facilitates retention in care by removing financial barriers to care or is a marker of relative socioeconomic stability remains unclear. A second notable observation is the association between provider constancy and improved retention in care and virologic outcomes. IDUs who reported that they saw the same provider at more than 90% of clinic visits were more than twice as likely to be retained in care in every semester of follow-up. Provider constancy has been examined in only a few previous studies and in a single early study was not found to be associated with adherence to HIV care appointments [32] . In the present context, however, provider constancy may reflect qualities of patient-physician relationships that have been linked to improved adherence and treatment outcomes. For example, a survey of HIV patients in Baltimore found that those who perceived that their provider knew them 'as a person' were significantly less likely have missed appointments and more likely to have an undetectable viral load [33] .
Although lapses in care were predominantly associated with factors related to healthcare access, virologic failure was more strongly predicted by social and behavioral factors such as substance use and incarceration. Three behavioral variables, any drug injecting, alcohol use and crack cocaine use, were independently associated with virologic failure in multivariate analysis. Active injecting was a significant predictor of lapses in care, although alcohol and crack use were not. Our findings complement prior studies that showed homelessness and incarceration to be important predictors of virologic failure among IDUs treated with ART [34, 35] .
A limitation of our study is its reliance upon participant self-report for assessment of several of the main variables of interest. Because of the large amount and varying types of data collected from ALIVE participants at every study encounter, it has not been feasible to routinely query medical records of every participant to confirm dates of clinic attendance. To ensure the reliability of HIV care data, the study employs trained nurses to conduct detailed interviews about each participants' healthcare utilization, and in selected instances, medical records are requested to confirm details about treatment. However, most reports of attendance at routine HIV care visits used in this study reflect self-report only, and are thus may potentially be subject to misclassification due to inaccurate recall or bias due to socially desirable responding.
A counterbalancing strength of our study methods is the completeness with which HIV viral load data are collected. As a community-based cohort study, plasma specimens are obtained from participants at every study visit regardless of whether they are receiving HIV care or not. This may allow a more accurate estimation of HIV treatment effectiveness in the community than analyses of clinical cohort data, which are necessarily only able to collect data from individuals who attend clinic visits. This may explain some of the discrepancy between estimates of retention in care and virologic suppression in our study when compared with estimates published elsewhere. As noted above, only 54% of ALIVE participants achieved virologic suppression during 2010, which is lower than the level reported in other studies. However, when we restricted the analysis to include only personvisits at which participants reported being in care, viral suppression was evident 68.5% of the time. This level is comparable to the 72% of patients found to have viral suppression in large multicohort studies [17, 36] , but still lower than the success rate reported in the Johns Hopkins HIV Clinical Cohort [31] .
In summary, this analysis of a community-recruited cohort of HIV-infected IDUs with a long duration of follow-up suggests that in general, IDUs are substantially less engaged in HIV care than the general population of PLWHA in the United States. Efforts to improve engagement in HIV care should acknowledge the unique barriers to care and heightened risk for poor treatment outcomes that are characteristic of many patients who inject drugs. Proportion of injection drug users reporting attendance at HIV clinic appointments and achieving viral suppression over time. Stages of engagement in care for injection drug users in ALIVE, 1998-2011. 
